We study the lowest order electromagnetic and weak contributions to quark masses in quantum chromodynamics. 
Introduction
-The problem of calculating electromagnetic and weak contributions to hadronic masses and mass differences is an old one. ' Attached to this problem is an old question: Are electroweak corrections to these masses ultraviolet finite?
Since we now have, in quantum chromodynamics (QCD), a promising candidate for a theory of strong interactions, it should be possible to address these issues. Of course,
hadrons have yet to emerge from any QCD calculation, but, since the theory is asymptotically free, it should be possible to study the question of ultraviolet convergence.
In QCD, this problem reduces to the question: Are electroweak corrections to quark masses (or appropriate mass differences) finite?
In 
where T uv(9'P) is the virtual forward Compton amplitude for scattering of a virtual photon of momentum q on a target of momentum p.
For the question of interest, only the integration region q2 " P2,P*q (12) is relevant.
In this region, one may study Tn? using the OPE. The leading operators in the expansion are miTiQi and g2Fzy Favv , where mi and $i are quark masses and fields, respectively, and Fzv is the Yang-Mills field strength. Since both of these contributions are renormalization group invariant, Tuv behaves as a constant at large q2, and the integral diverges. 6,798
In order to understand the BST result in light of this divergence, a gra$hical analysis is instructive. We can reorganize the perturbation series so that Am is given by a sum of terms, each of which appears to be ultraviolet finite, and each of which appears to receive its dominant contribution (for nf > 10) from low energy phenomena. We 
This expression remains valid for I-&I < 1. For such values of y, we can sum the series, interchanging summation orders with impunity. 
where we have taken m(A2) E ms(A2) + 6m(A2) .
The BST prescription corresponds to identifying ms(p2) = ms(A2) 6m(A2) = -$ ,P,n m,(A2) .
In the standard Weinberg-Salam model, such a separation is without observable significance, since ms(p") can be adjusted to any desired value.
Still, BST argued that this breakup was in some sense appron priate and that low energy physics would determine this 6m(pL>. They clearly had in mind cases where m(A2), the bare masses, were constrained in some way (or equivalently that the normalization of the ms(p2) was fixed at some scale).
In the following section, we consider their prescription in models which possess "natural" relations among quark masses. by low energy physics, in contrast to the COPE analysis, which suggests scales up to the symmetry breaking scale should be-important.
The model we consider is based on the gauge group SU(3)cXO(3).
The color group is just the usual one, and will remain unbroken. The symmetry of the model, as well as the restriction to renormalizable couplings, limits the possible mass terms for the fermions to two: (24) where Ta are the O(3) generators, and a sum over colors is implied.
At tree level, then, we have We will renormalize the quark masses at scale p2, ';CD << P 2 << F$,rni . where we have followed BST in taking the cutoff to infinity. The solution to this equation which these authors instruct us to take is
A similar analysis can be performed for the other contributions to the ratio, Eq. (27).
When we sum these contributions we again obtain the result, Eq. (29), p rovided that the quantities mi(p2) for the various quarks obey the natural relation. Noting that (Eq. (19).)
f mi(A2) -6m(A2) (32) and that the mi(A2) necessarily satisfy Eq. (26), one can readily verify that the quantities mi(p2) do in fact satisfy the natural relations. This is simply a consequence of the renormalizability of the theory:
The divergent counterterms must have the same structure as the original Lagrangian.
The lesson to be drawn from this analysis is that the BST separation of fermion masses into "strong", "weak", and "electro- 
